The aim of this study was to characterize zooplankton community composition at Padre Azevedo reservoir and to determine their relationship to water quality, following a gradient of distance from an aquaculture site. Monthly samples were collected by filtering 15 L of water with a plankton net (45 m mesh size), and fixing it with a 4% formaldehyde solution saturated with sugar. Zooplankton community composition was dominated by rotifers, mostly Keratella tropica, Brachionus havanaensis and Brachionus calyciflorus, and Cyclopoida copepods (mostly nauplii). These species are typically associated to eutrophic environments. During the dry season, a higher diversity of rotifers was observed, whereas density of cladocerans increased during the rainy season. Sampling station P 4 , the most distant station from the culture site, showed lower zooplankton densities. The most distant sampling station showed higher water quality, as particularly during the dry season, suggesting that aquaculture negatively affects water quality at nearby areas, as evidenced by zooplankton composition.
INTRODUCTION
In northeastern Brazil, where water shortage is common, reservoirs are particularly valuable, serving multiple purposes. According to Esteves (1998) , reservoirs provide food for local human populations via aquaculture or fish farming. The increased demand for animal protein, due to the ongoing human population growth, has made fish farming an attractive activity worldwide. Despite the negative outcomes arising from the introduction of fishes in novel environments (Gophen et al., 1999) , it remains as a widespread practice in the northeastern Brazilian region, these activities being frequently encouraged by the government. However, studies investigating how water quality is affected by these activities are rare in this area, thus com-*Corresponding author. E-mail: ccrispim@hotmail.com. compromising water consumption. Net-cage aquaculture is a widespread activity of intensive food production at both local and industrial scales (Schmittou, 1997; Outtara et al., 2003; Liao et al., 2004) . As suggested by Colt and Montgomery (1991) , despite its advantages, underlying environmental impacts and lack of sustainability from these activities are strong negative factors, frequently making this an unpractical activity.
Fluctuations in aquatic environments promote temporary corresponding changes in habitat availability, therefore affecting communities which are dependent upon these habitats (Schwart and Jenkins, 2000) . Key species from natural communities function as indicators of environmental quality by reacting to habitat disturbances via increase or decrease in population size or by being rapidly substituted by other species (for example, short life cycle species) (Margalef, 1974) . Crispim et al. 2235 . 1 Furthermore, aside from their somewhat fast responses to habitat disturbance, these species also play central roles linking trophic levels (transferring energy) on aquatic ecosystems, being influenced by both downward (top-down) and upward (bottom-up) processes (Lampert, 1997; Pinto-Coelho, 2004; Pinto-Coelho et al., 2005) .
To determine the negative outcomes from net-cage aquaculture activities, zooplankton communities were evaluated throughout a period of approximately one year, encompassing dry and rainy seasons. Key zooplankton species are important bioindicators, and since they are primary consumers, their densities reflect the productivity of aquatic ecosystems. Zooplankton evaluations have been successful at providing information on the mechanisms of community development and organization (Landa and Mourguês-Schurter, 2000) . In the present study, the zooplankton community was tested as a tool to determine the impact of net-cage aquaculture at the Padre Azevedo Reservoir of Fazenda Pacatuba on its community dynamics and on the overall water quality of the reservoir.
MATERIALS AND METHODS

Study area
Padre Azevedo reservoir of Fazenda Pacatuba is located in the Sapé district, distant 7 km away from town. Geographically, the reservoir is located between 07°02'20.41"S, 035°11'15,03"W and 07°04'07,12"S, 035°09'59,43"W ( Figure 1) .
The reservoir has a perimeter of 15,380 m (AESA, 2005), encompassing a surface area of 2,317,000 m², and a volume capacity of 11,500,000 m³ (DNOCS, 1940) . It is incorporated to the Paraíba river basin (State Government of Paraíba, 1985; 2003; DNOCS, 1940) and the Una streamlet runs to the Padre Azevedo reservoir (DNOCS, 1940) .
The region is climatically characterized by hot and wet air temperatures with higher precipitation episodes throughout the fall and winter (W. Koeppen). A stable sub-coastal depression characterizes the topographic relief of the region, with low, flat zones interspersed with low-profile hills with convex mounts. The soil is sandy, and/or sandy/silt of low fertility (Spodosols and Latosol) deposited over Tertiary sediments with an altitude between 100 and 200 m.
The reservoir's main service is to supply irrigation water to sugarcane agriculture at Fazenda Pacatuba. Also, water used in netcage aquaculture is a developing activity which aggregates value to the reservoir. The Pacatuba net-cage aquaculture production unit, at the Padre Azevedo reservoir, initially sustained a total of 300 net-cages, each with 4 m³ water capacity. Nowadays, the number of these cages has been largely reduced due to decreased water quality (Figure 3) .
Furthermore, each net-cage produced approximately 800 fishes with an initial average weight of 70 g (density of 200 fishes per m³), which was subsequently reduced to 700 fishes (175 fishes per m³) and 600 fishes (150 fishes per m³).
Three replicate samplings (RP 1 , RP 2 and RP 3 ) were collected along a transect line at each of four sampling stations (P 1 , P 2 , P 3 and P 4 ). Prevailing wind direction is southeast/northwest. Sampling station P 1 is located upstream from the culture site, P 2 is among the net-cages and P 3 is located downstream from the culture site. P 4 is the furthermost sampling station, located upstream, nearby the Una streamlet ( Figure 2) . Also, islets are formed between stations P 1 and P 4 , therefore narrowing the reservoir and further isolating station P 4 .
Samples were collected monthly and the study was conducted between February and September 2007.
Zooplankton evaluation
Zooplankton individuals were collected by filtering 15 L of surface properly labeled glass bottles. Individuals were fixed in field with a 4% formaldehyde solution saturated with sugar, to prevent morphological deformities (Haney and Hall, 1973) .
A qualitative evaluation was carried out by taxonomically identifying the organisms based on taxonomic keys and specialized literature (Koste, 1972; Ruttner-Kolisko, 1974; El Moor-Loureiro, 1997) . Where possible, taxa were identified to species-level. Cope-pods were identified only to Order level. Quantitative assessment of subsamples was carried out with at least 100 individuals. Random subsamples were taken from each sample with a Hensen-Stempel pipette (1 ml volume) for both qualitative and quantitative analyses, which were assessed on a Sedgwick-Rafter counting chamber. Values used hereafter are average values obtained from the replicates at each sampling station.
RESULTS
Precipitation data were evaluated between January and August 2007. Higher precipitation rates were recorded between March and July 2007 (Figure 2) . Further, the rainy season started in March, with somewhat low rainfall, and June showed the highest precipitation rates (that is, 360 mm). Lowest precipitation rates (that is, 0.25 mm) were recorded between January and February.
Zooplankton community was represented by 18 species (Rotifera: 15; Cladocera: 3). Copepoda indivi-duals were identified to the Order level, but categorized as nauplii, copepodites and adults (Calanoida and Cyclo-poida). A summary of the identified species is shown in Table 1 .
Zooplankton community showed two peaks of density, namely, in March (late dry season) and in August (late rainy season) ( Figure 3 ). Furthermore, maximum density observed in August reached 4,579.25 ind.L -1 . Rotifers showed the highest number of species and individuals throughout the study. Stations P 1 and P 2 showed similar overall densities on both spatial and temporal scales. Rotifers and copepods alternated as the most abundant groups from February to April, but the former persisted as the most abundant group thereafter. Density of rotifers reached maximum values of 1,300 and 1,150 ind.L -1 at stations P 1 and P 2 , respectively. At station P 3 rotifers were most abundant in February and March (maximum density: 1,050 ind.L -1 ), showing lower values at the subsequent months. A different pattern was observed at station P 4 where, throughout the study, copepods (Cyclopoida) were the most abundant group, particularly, during the first months (maximum density: 800 ind.L 
Temporal variation of Rotifera
A total of 15 Rotifera species were recorded, Brachionus being the most common genus. An increase in rotifer abundance was observed, with a maximum density recorded in August at stations P 1 , P 2 and P 3 . Station P 4 was somewhat unusual, with higher rotifer abundance recorded in June. Also, compared to the other stations abundance was always lower at station P 4 . Keratella tropica, the most abundant species reached a maximum density of 1,156.8 ind.L -1 in August, thereby elucidating its observed negative correlation to precipitation rates (R=N-PC).
Temporal variation of Cladocera
Three Cladocera species (Diaphanosoma spinulosum, Moina minuta and Ceriodaphnia cornuta) were recorded, but their densities were somewhat low throughout the study period. Higher densities of these species were recorded in May and August 2007, being D. spinulosum the most abundant species, particularly in May (42.35 ind.L -1 ). It is worth mentioning that this group was not recorded in February. Cladocerans were highly influenced by environmental fluctuations, being positively affected by precipitation during the rainy season. Frequently, cladocerans are negatively affected by eutrophization, the opposite being observed for rotifers. Evidence to support this observation comes about from the effects of rainfall, reducing trophic levels, and its positive influence on densities of cladocerans.
Spatial analysis revealed that stations near the culture site were similar, with higher abundance of D. spinulosum. C. cornuta was observed in June and M. minuta in September, but with somewhat low densities. Also, lower densities were recorded at station P4 when compared to the others.
Temporal variation of Copepoda
Highest and lower densities of copepods were recorded in February and in June, respectively. Culmination of the dry season occurred in February (Figure 5 ), thereby increasing the trophic state and the density of rotifers and, in turn, benefiting copepods which feed on these smaller organisms. The lowest peak of density recorded in June may be related to increasing precipitation rates which diluted nutrients and negatively influenced rotifers and copepods.
Spatial variation of zooplankton community
Cladocerans were not recorded in February 2007. Copepods and rotifers showed similar densities from stations P 1 to P 3 , but Calanoida copepods were more abundant than rotifers at station P 4 , suggesting a reduced trophic state (Figure 4) , given that individuals of the former group positively correlated to oligotrophic waters.
Cladocerans (D. spinulosum) were recorded in March at all but one station (that is, P 1 ). Copepods (mostly Cyclopoida) were most abundant at stations P 3 and P 4 . A decrease in the density of Calonoida copepods was recorded at station P 4 in March, albeit low rotifer densities persisted. This suggests that limnetic conditions were somewhat constant amongst all stations and that the Crispim et al. decrease in rotifer numbers were the result of higher predation rates by Cyclopoida copepods. Due to technical issues, sampling was precluded at station P 3 in Abril. Station P 4 persisted showing low rotifer densities ( Figure 6 ) and densities of copepods were similar across all stations. Although K. tropica persisted as the most abundant species during this month, nauplii were more abundant at station P 4 , followed by Anuraeopsis fissa.
In May, higher densities of copepods (mostly nauplii and Cyclopoida) were recorded at station P 4 . Calanoida copepods were only recorded at station P 3 . The cladoceran D. spinulosom was recorded, albeit in low numbers, at station P 4 . As in the other months, rotifers were also less abundant at station P 4 .
In June, copepods were more abundant at station P 1 and gradually decreased throughout the other stations. Calanoida copepods showed higher abundances at stations P 1 and P 4 . Cladocerans showed a higher richness at station P 2 , with the presence of C. cornuta and D.
spinulosum. The latter species was recorded at all stations, being more abundant at P 1 . Density of rotifers increased from stations P 1 to P 4 , Brachionus havanaensis being the most abundant species, this month.
In July, overall zooplankton density increased, particularly, that of copepods. Station P 2 showed higher nauplii density than P4 (Figure 9 ). Increased densities of copepods, particularly nauplii, are common during the beginning of rainy seasons (Crispim et al., 2006) . Cladocerans showed a similar pattern to the preceding month, with two species recorded at station P3 and a decrease in D. spinulosum density from P 1 to P 4 . Within rotifers, K. tropica was the most abundant species, followed by B. calyciflorus. Brachionus urceolaris, recognized as an indicator of eutrophic conditions (Pejler, 1983) was only recorded at station P 1 . Station P 4 showed low densities of rotifers. Water quality improved in August (winter), densities of copepods declined and Calanoida copepods were recorded at all station in August (winter) (Figure 10 ). Cyclopoida copepods were less abundant, whereas Calanoida copepods were most abundant, at station P 4 , suggesting a somewhat good water quality at this station. D. spinulosum and C. cornuta were recorded at all stations, the former being most abundant at P 1 and the latter at P 4 . Rotifer density (mostly K. tropica) highly increased, but densities were relatively low at station P 4 , even for K.
tropica. Station P 3 and P 4 showed higher species richness.
In September, copepods showed similar densities and overall composition to the preceding months. Cladocerans also showed a similar pattern, but D. spinulosum density decreased, particularly at stations P 1 and P 2 (Figure 11) . B. havanaensis was, once more, the dominant species at all stations and a non-identified Bdeloidea species was recorded at stations P 1 to P 3 , with higher density at P 2 . 
Spatial analysis of zooplankton community
To evaluate and compare the spatial and temporal distribution, similarity analysis was employed. This analysis showed that during the dry season (or with lower rainfall between February and May) sampling station P 4 distinguished isolated groups. Further, station P 4 separated from the others in July, but in June, August and September, showed a higher similarity, nearby the culture site ( Figure 12 ). Station P 2 , in the center of the culture site, showed higher similarities with both stations P 1 (upstream) and P 3 (downstream), suggesting that this activity is starting to influence on the water quality at areas nearby the culture site.
DISCUSSION
The three most important zooplankton groups (Rotifera, Cladocera and Copepoda) were recorded at all sampling stations throughout most of the evaluated months. Most of the species recorded at the present study have also been recorded in other aquatic environments of Paraíba state (Crispim and Watanabe, 2000b; Vieira et al., 2000; Vieira, 2001; Crispim et al., 2006; Ribeiro, 2006) and several other tropic environments (Vasquez and Rey, 1992; Pinto-Coelho et al., 2005; Landa and Mourgues-Schurter, 2000) .
The somewhat low zooplankton diversity recorded at the present study may be linked to the short study period (that is, eight months), but also, to the high trophic conditions of the reservoir.
Rotifers were the most frequent and abundant organisms, as similarly acknowledged by Gomes (2007) . Higher rotifer richness is common in lentic environments (Landa and Mourgues-Schurter, 2000b) . Sendacz et al. (2006) also suggested that rotifers make up a dominant zooplankton Crispim et al. group at aquatic environments of Brazil. Their high abundances are the consequences of several factors: Opportunistic habits which enable them to explore various environmental conditions, more than do cladocerans and copepods (Allan, 1976) , high dispersal ability, resistant eggs, among others (Esteves, 1998) . Rotifer species indicators of environmental quality (that is, eutrophic environments) such as B. calyciflorus (Pejler, 1983) , K. tropica and Polyarthra dolichoptera (Crispim and Boavida, 1995) were recorded in the present study. However, since some Brachionus and Keratella species are also common at mesotrophic conditions, we are not certain if their presence indicated an exclusive eutrophic condition in the reservoir, further investigations being necessary. Nevertheless, the presence of B. angularis and B. urceolaris, strong indicators of eutrophization, suggests that the reservoir is, indeed, under high trophic levels. Furthermore, the high densities of these species are also indicative of high productivity levels.
Higher species richness of Rotifera during dry seasons was also recorded elsewhere (Landa and Mourgues- Schurter, 2000). Moreover, rotifers and some copepods benefit from eutrophization processes (Esteves and Sendacz, 1988; Moredjo, 1996) . Rotifer species indicators of high trophic conditions and high densities of Cyclopoida copepods, as recorded in the present study, support this observation. Copepods (mostly nauplii) were the second most abundant group in the reservoir. Juvenile stages of copepods (nauplii and copepodites) are commonly observed at higher densities than adults (Crispim and Watanabe, 2000a; Crispim et al., 2006) . It is noteworthy, however, that juvenile stages occupy different ecological niches from adults (Perticarrari et al., 2004) , often prevailing at different depths and, therefore, reducing competition and minimizing predation from potential adult copepods (Crispim, 1998) . The intense interspecific competition within this group may also lead to lower limnetic diversity (Vieira et al., 2000) . The observed variety of copepod life stages in the reser- voir may also be indicative of their continuous reproductive behavior, a strategy triggered by their underlying unstable environment. Different life stages of Calanoida copepods were also recorded here. Species of this group are mostly detritivores and herbivores. Therefore, high densities of these individuals may be indicative of waters with somewhat low trophic conditions (Pinto-Coelho et al., 2005) . Calanoida copepods were substantially less abundant than Cyclopoida copepods throughout the study, once more suggesting that high trophic conditions prevail in the reservoir.
The higher densities of Cyclopoida copepods are likely to be an effect of the intrinsic omnivorous and herbivorous habits of their nauplii and copepodites (Perticarri et al., 2004) . Moreover, the constant high densities of their prey (that is rotifers) also favored species of this group. Several authors also recognized that Cyclopoida copepods are often associated to sites with high trophic levels ( Gannon and Stemberger, 1978; Landa and MourguesSchurter, 2000b) . Precipitation rates, which started in February, had a major influence on the overall zooplankton community. Basu and Pick (1996) stated that sites which are subject to periodic overflows may suffer a decrease in plankton biomass, as a direct consequence of mechanical stress, or due to a shift in environmental conditions. The peak of zooplankton density observed in March was related to increased trophic levels and cascade effects via phytoplankton production (summer).
However, overgrazing by zooplankton soon reduced phytoplankton availability, therefore, also reducing their populations. With the late rainy season, a nutrient input further supplied phytoplankton with food and, once more, benefited zooplankton populations, as observed in the second peak of zooplankton density. High densities of Cyclopoida copepods at station P 4 were probably related to a reduced predation pressure at this station, given that fishes were most abundant nearby the culture site (that is, stations P 1 , P 2 and P 3 ), where excessive artificial food attracts these fishes (fishermen's personal communication). Densities of copepods varied on both spatial and temporal scales. Also, factors not considered in the present study may have also been important. For example, selective predation of fishes towards larger, visible zooplankton individuals (Timm and Moss, 1984; Sarma et al., 2004; Rejas et al., 2005) may have played a role in determining the observed zooplankton composition.
Given that the most abundant rotifers were indicators of eutrophization, their reduced densities at station P4 may be indicative of higher water quality there. For example, B. calyciflorus, a species frequently associated to eutrophic sites, was less abundant at this station.
The presence of Bdeloidea at stations P 1 to P 3 suggests that these areas were subject to high concentrations of organic debris in the water column, given the tendency of individuals from this group to associate to particulated organic matter. The presence of this group at stations nearby the culture site, and their absence at station P 4 , suggests that areas nearby the culture site are subject to greater disturbances, due to constant accumulation of organic matter nearby this area.
In 2008, new evaluations conducted at the same site found no differences among sampling stations, supporting the above mentioned statements on the cumulitive negative effects of fish aquaculture to the overall water quality (Crispim et al., unpublished data) .
Conclusion
Based on the results of the present study, the following conclusive statements were made: (i) Zooplankton community at the study area consisted of three groups, namely, Rotifera (15 species), Cladocera (3) and Copepoda (identified to the order level).
(ii) Rotifers were the most abundant group at stations P 1 , P 2 , P 3 and P 4 . Copepods were most abundant at station P 4 . (iii) Dominant species varied throughout the study, B. calyciflorus being dominant in June, B. havanaensis being dominant in June and September and K. tropica being dominant in July and August. (iv) Indicator species of eutrophization were recorded at the reservoir, with higher observed densities during the dry season, coinciding with higher trophic levels. (v) Similarity analysis revealed that station P4 formed isolated groups among the evaluated months, suggesting an impact of aquaculture on the areas surrounding the culture site. (vi) An ongoing monitoring of the reservoir is necessary to further understand of the processes and annual variations of zooplankton communities.
